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(54) PROBE FOR TESTING OF SEMICONDUCTOR APPARATUS AND TVS MANUFACTURE AND 
PROBE APPARATUS USING THE PROBE NEEDLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase an area of true 
contact to a pad and obtain sure electric contact by setting 
an angle between a tangent of a leading end face of a probe 
at a surface of the pad and the surface of the pad when the 
pad is pressed to be a specific value or larger. 
SOLUTION: An electric connection between a probe 1 and a 
pad 2 is obtained when the pad 2 is sheared and deformed 
thereby breaking an oxidation film 8 at a surface and a fresh 
face is brought in touch with the probe at the probing time. 
An angle because of the shearing and deformation is 
determined by an orientation at the time of sputtering. 
Theoretically, supposing that the shearing is brought about 
only with an angle of a slide face, the pad is sheared at 0° 
35.3° , that is, at angles so far from each other. However, 
experiments make it clear that a minimum angle of a slide 
face 6 enabling the shearing is 15° and an angle of the slide 
face bringing about the shearing stably is 1 7° . Therefore, a 
leading end of the probe is shaped so that an angle of a 
v ctor 7 in a tangential direction of the leading end to the 

surface of the pad is not smaller than 15° , preferably, not smaller than 17° , whereby the oxidation 
film 8 of the pad surface can be broken and the probe can be brought in touch with the fresh fac of 
the pad, thus achieving sufficient electric connection. 
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1 :?D-?« 5:1110, 11111. (imoim 

2:/t»F 6:f*©3KJl 

4:(111)©jgy® 




[»HPB3Ra>«&B] 

[SS3R3S 1 ] 5bfllS«¥*»ttSa>7A KKfKEU ± 

[sS*« 2] R*4t i ffito^ftgsotx bmzfn-7ft 
Mlcj3lt*^n-^*«liBa>««^/<v K» 

G=c o s* 1 (1 -t/R) dl 5° 

t 5 Bft SBfe***** R flD^*© ffiS T? fc£ c t 
[fS^«3] R»|2e«0)¥«»SliDf^ UH^a— ^tf 

[H3R3K4] RXasBttO^VftlttO?*. hB^D— 
±8W*#<Dfiffif* 

9=c o s' 1 [ { (R 2 - r 2 ) ,/2 - t ) /R] 01 5 D 
t?±SE^a-^« £ C U« ±E*ttOAR£±B 

£0 



E**fi»£±B/<? K*«ftW»tt*l*T* ± 
±B#Bfcte#xa)Ea * J: If ±B&B*m 

a. 

Xf :>y*-r>^£«fcyfcy* ±SE&*ft31&ttj6<. 5ft 

SSft3 0 0nJSLt6 5 0Pl2n\ JIDE2 0 0 

~2 00 0»£ % MBMOO. 5-5«|Btfc«C:iM«fct 

[R*JS 8 ] M*4f 6 EttOB&ft&i:: J: W**ftfc^o- 

»»a)its*«D-c*y. ±e^p— ^tf* 1 * « 

at,I$t cot-x Ki::«ttr*Ri=* ±E^a— 

SBfX h/< ^ Ka&B <t 0>fi4»B*vfcBB£ H <!: Ltc t * % 

H = R- R s i n (p— a) Dt (fcfcl, P = c o s* 1 <D/2 

R) ) 

**»«Qf xhJB^p— ^tticfc^T* Jl*s:7 

^«-a>5fe«l*^v^ (Pt), -f 'Jv^A (I r) . nv 
(Rh) % & (Au) . *K5^A (C 

*fo 

[R3M11 1] l»|1ftl»L4, 8. ^fcfiQO^rtlAMC 
E«a>3m?fM£B<DT-X KB^P— ?tt*±B 

□-^»*«»»y***ci:^ f^M*; 
K*r»*R*lca^±lfT*Jf U BflsfX h£ff ?Ct£*#& 

[fl*Sl 2] H3R«1 ttl^L4. 8. $t:(i9(DlWl: 
E«0>*»#tt«©T-x hffl^n-^»*±E 
WJMtlOfX h/<s/ KlcffEEU K#»fc±E^ 
a-?*f*«#»y Strc. »#f x h*f7 9 
Bfc. ±IB?P-^ttfc±fflfxMv FORMIC J: tJBJft£4i 
«^n-^«CD«*wr*ctlc*y±E^ 

fx 

BRO*?«MffltOf-X KS^n— 7&$±m 
^ftSStDfx h/^ KIcflEU fx K»»t±E^ 

So 

[RHo&t&&K9n 

[OOO 1] 



[MOMTtttflM**] *RWtt* MitlXWIflilHnKa)^ 
tfco^P— ?ttSBL*fc^P-?SS«l::«i-* 

*,OXfc£o 

[0002] 

Mfc*©a«]«*o:7p-:7tt«uBi 3 (a) i^*rj:3ic, 
5fe«^ttBI^Aif &4ife^P— 7»2 0 2$ 
-fcTIWfc^P— ?S*» a»:?n-M-K) 20lic«ty 
f*H\ *«M«MOTB©f X K (JUT/< 

^FRSBKSRM («SttRM) ^^rf 

xk c/p— *ffor^fc, z<D7n—\f^?<r>&07 

n-?»HWW>WtBl 3 (b) l^-To H 

i 3 (b) «*o)^p— ^W-© 

BB*#fc&ttLfcfc*©***«Rtf 2 0~3 Oyimia-ti:* 

g-i^fc^. mi*. ^p-e>y»icf**r. 

v h»±tt*<»MU /<y K2 0 3ORB©RfcR2 0 
4^«B©^R»J«<*fcLfc«©:fn— fcf 
>^<fcJoC£o ^P-^3&</<^ Klz»LiiT&*v«lcoti. /<vK 
ftB0>lfefl:E2 0 4fl)-«*WvrtftttI 
»«-T5»a»»2 0 6 4t-e^ «lf XhtffcCfcfcrfvSo u 

< ^a — ^ r^^j &#2 o 5lzR4tB2 o 4A< 

«K«:y. »a^»Slc«:S. f:t\ W^LtfftB^e-i 8 
5 6 0^^lz^$4xT^-SJ:5lc. $+5fel^ 

4b Z k \z± y , *ft KrtEttttabqUllc* & 5 1= L 

[OOO 3] ^n— ^*t»lc«ffl**iTi^*>yxT- > 

fco fCP, «5ttf«B¥5-1 40 6 1 3«&B-ea» 
[0004] 

ic«j***vrfey. 01 3iz^-r«fc3ic mm 

«a&& 2 0 6) A«HBI-^* < . 

36<^^>4x^l^^feotco ^fc. $>?Xf>^n-?tttt8 

r*rta«cffin*B4<*y* ztitt-ttzahtzm 

mm-** zttf^TL nmm&&&L±-e<otmmifrrt 

[ o 0 0 5 ] *BWttJtEO>«fc 5 ttHBjSSSai-rSfctol-ft * 
fii®Sl$^:#< LT, l»*«»Wtt»36«»&#i.*^P— 

•ta>Ba*afc*vco)^p— ^tttfflt^fc^ 
p-^gS$Sft-r^t«D-efe$o 

[0006] 

[^S^S^-r^fcAO)^©] ^BBOX 1 <D«tf K«*iMM* 
SSOf Xh^^P-^ti!±, ^<7)5feSa^tt 

Blcfcit*^P-^*BBOttfli^:±E/^ K 



[0007] *«H<Dg 2 ©a^ic^^^ftsao-rx hmy 

±B*tta>ttBa&< 
0=c o s" 1 (1 - t/R) D1 5° 

[0009] *^©»40>a^/C^S^#»Sfl!>T-X KSI? 

T, -tE¥*BgiJa>#g£ r £ Lfcfc -h£3tt®BB*< 
6= c o s" 1 H (R 2 -r 2 ) l/2 -t) /R] 01 5° 

[0 0 1 0] ^(3)11 o^l:IS¥i^S<Df 7, hffl^ 

c«nr«wfticjiix-r«xfi, fc*tf±B^p-:m.fcy *Btt 
Sxg£i£i-*>a>-c*fe£ 0 - 

[0 0 1 1 ] M^Off 2 0D^rc«|«^l|f«:ttBa)7X hffl? 
□—W<D«ft*Sfett. *p— t&Sfcl* 
<BB*f £** L T ft 4 &® ** ft £ 41 * V . ±B ? a — ?tt 

#x#aja*icfcivc, Aist^eiK^ffMua 

T<kU J:EIMfctt#xa>flEA£.l:lf±Ea 

[ooi zi*nw(omQ0)i2mzm&2¥.mwmm.<D j 7'A tm? 
T->£tzi*s>yxT- * y ^ y . Jigs 3f □ - &*an 

□JsJLt6 5 OQfiLT. M2 00-20 0 OftEE, ASBMB0. 5 

[ooi 3] *xvio&s<DmMzvki>2m&mto j rx \-m? 
t to^rx h/<v Kic«tt-r4Bjc. ±e? 

KOBB t (Dmi>Mtitc&M£ HbLtztg. 

H = R-Rs I n (p-a) □ t (fcfc'L. p= c o s* 1 (D/ 
2R) ) 

[0014] ^gissom e a&Ai::* *¥9{*bb<d7x hm y 
a>ivr*ifraa&icj: y»jft«tt^wiiun 

(Pt) „ -f'Ji^A (I r) % DvOA (R 
h),S(Au)^ K5">A (Cd) % £fcttC*l£ ©1*^*1 

*a>^*yfc4»»TM*BLfc*©-cfcs % 
[0 0 15] Mnicffd^a— ^ItStt* ±ESi ~B6 0>l* 
rft*VD«J*|Cc*S^Wfrgfi<D^X KE^CI 



[0 0 16] MVICMf^hMtt. -tEBi ~B6a>iv«r 

X KlcflEEU h/<y K»ftfc±E^n-^tt*«» 
»y*-fr«CtT?. f-x KttftSBttC 

[0017] Mm=««Ma>7x ±SBii ~m6a> 

n-^»$±EW#8S©f^ b'*v KlcfPEL, ^X h/<v 
Ktf »*±E*a- y**T* Sfi 
fffX K£fr ±E^D-^i±Ef^ KflDWtt 

fCj:y»J«2F4l4^0— 3f«a)«*M*4c 

[0 0 1 8] *£WlC£*¥»#«Btt* ±!SSl-g6fl)l^ 

X h/<? KKfflEU t^X h/<* K#fti±E^Q— " 
»yj?« = fc^ t-X Kttft* B#lc 
B*-tlf T»R Lfcfcflre**. 
[00 19] 

^ Ka>4*»S**ftBB-Cfc<S. Blcfei^T. 1 tt^o— 

2l*/<yF* 3B/<9 FatiJWA. 4 V 5. 

6tt»yB* 7tttt*0)l»B*iaK^ h;u, 8tt/<yK^BB<t 

B. 9ttB<tB»»». lOttmaWSIiiai 

^, 1 1 I*1±A/Bi^fc4o 0 1 (b) ic^fcfc5l^ -In—J^t 

i K2©«aw3i3ir4. ^□~e>^(7) 

K2*-fr^»fB»LT«ffia>Bfl:B8*flfty. /^rv KB 

7;i/5/<yK©Wtt, 01 (a) Ic^-T«fc5 

|c. X/<y^^<©/<y K2<0$£gEfcl3j&< (111) Cf^of- 

t^^4 C«lEl^lC«CoTt^C £ AtfclfctiT 

t^. wto (11D a>ftvm4*<'iy F&wbix-t'm&izom 

Bfctt*ft**«ft4.'hSfc»yB5l* (110) fil/dOD 

ai; (oii) t»fey % -^cDft&tt3 5. 3 

^■efe^o 5&yBa>ftat-cuA^A/ffiA«cy^u^^*Liio 

l^ciWofc. ctitt. ±EBUB4^±BBUB5lzB 

ofc^Br^«Wh#y, Bl (b) \Z7jk-t 

* ^ ft-£A4Sr 1 1 A<BCoTL^fc*>T?fe4. BB3^&W&*Mi 

fcofcttA/BWSC y 5 4fi/hO>ByB 6©^ 

Bttl 5«T?*y.S3tLtl*A/Ka6<fiC«*yffia)««tt1 7 

35</<^ KBB^fti-ftB^I 5«H±, M£L<te1 7^JU±fC 

ibB8*By. *iv h*m£Etmte1rZzt&V£+ 

[0020] Btt0>^tt2. ±EHtta>»B 1 ic^+5fea»«© 
>fn-^»|=fei\r. U2/c^1"cfe5lc. gfffe 

*<v FBBl?tf5feBBBOltB#M^/<y KB 

R — R cos 8= t 

fc*B«*<fc«. cko-C. 

G=c os' 1 (1 -t/R) 01 5° 

K*'h*^*T?»&W=^BJ6»$-fr«ct 
i<T?^. ^P-WftBI4««±Bi:»«L. 
^^*v?)J:9lC3S:S 0 /t 9 KttftO-fr^ 



[0021] ±sE5tsg^«fi. ®6(a) ic^-r j; 5 mmvk 

a 6 1 £MHtfB6 2T?@tf>fcWgfi6 3IC 

fc*ffl*£»a&T* S/'j3>iAi:#3o o of^o^ -v^ev 

F«tt*fcJ:*1 : 3(DSS&-T?«J*Lfc±8E 
wr££l-3 0 0 0 — 400 0S^|^tCc*tr, R15pm§t 

-f A*^ > 6000-1 OOOOt Lfc^OlC^cWlHl 

[0 0 2 2] C(D^D-^1 ^ot, K2!ZOif 
fc^P— :?Ja£03i::^-f o ^P— 

y, 7JUS/t? K±lcftfi*»ritr««fc3«:*J¥»ttt<i:oTL\ 

So ±£7;us/<y k©£S»#i*. JbSBT^u 

V Ft "7-f "VCD^fli • »^<DjgA 

feML 2 0OOO|s]£&;L&:3>** Mcfc 
S. 

[0023] HJfeO^fi 3.04 IC^-T £ 5 IC, 5lc«»«^« 
(W/2) 2 =R 2 - (R-t ) 2 

■x?&y. tot, 

R= (W 2 +4 t 2 ) /8t 

5o K<DH£*<0. 8 5*P>-efc£*££\ fx 

M*8ttfeJ:f 1 3 5*n>-efcSc£A<:b 

«*: 5 lefcy, ^n— <3fP— K) * 

t i>*> 55 y * l ? =? 4 >-e □ — 

SMLTl*fcxa#*»-C#SJ:9l::fcS. 
[0 0 2 4] SSft©fl*ffi4. B5tt*%H03lfta>J&n4|::£& 
?p— :7»*3M-B-cfc*. :?p— zfft&TX 



Cftlzj:y*t5fc«<DB«B!»*<A 
9*5 1l43fc±fclFB'e«t< fctu «RjMUE3~ 

[0025]Htefl)^g5. ±ESa6©»tt4a>*M»«©^n 
— 7fttKftlvC, 0 3 (a) (b) !Z;fvT£ a 

^ 5 l<B#g£r. «h/^Kfl)KISt, 

KSS-C^o— :?5fcS8s*®S5 2<Dft8rfr6ii:/W K&B 

(R 2 - r 2 ) ,/2 -Rc o sG= t 
6=c o s"' [ { (R 2 - r 2 ) ,/2 - t) /R] D1 5° 

tt«HB*Bfc7ra«*BRa)3«ttoBBicttx'r« c t izx 

y. K6<1*-A/Bf*»UT/<y KABOB^bB 
(W/2) 2 =R 2 - { (R 2 -r 2 ) 1/2 -t) 2 

[0 0 2 6] HJg(7>^B6. ±ffi^JgO^B4©Jfe^ttO)^n 
— ^f+lCfcLvT. 05 (a) ICTfv-T^IC. ¥ 

1 i:S)lB»5 2*»&35MC-3ftCftB5 3*»l+4. ffc^ffl 
^®SP5 2lZ5FS^5 1 A<fey % fi®5 3ICJ; 

y^5 2tisiMt!5:ofc^o-m £-r. (a) 
ic^i-cfc^ic mmmme i $^t»ig6 2 

■CBAfcW«*6 3lc^P— ^» 1 *«yBLft#«(LT»5fe 

■rso^icse (b) c^t^^c, yn—zmi &v±m&<D 

y. i £iSi+S 0 $^ic^n~^i letter 

-SCtlZ^y. 1 t^«0)ffl®gP5 2££:A£j5n£&® 

5 c©c^ic«fcy % /ty K^a>0 

07 (a) (b) tt/<7R:**4»W* 
»*t*-rB"C*y. H7 (a) (b) tt^ffaS6 5l:J:« 
BBttlkOtttt*^. 
[0027] m3\Z7r.Ltz£?\Z^ ±Sa3IJ6<D^Sl-6(7>^P 

ttKBBBC^-r. ^p-^**a»T?a«Lt=*r»©-fr//BfK 
aun«BMB*«B<r»^£y. >ym 

[0028] Sffi©?£S! 7.08 l4^^B^©HJf5©^ffi 7 iZ & %> 

3fp— ^»fc-«w<E^rp— ^ttfcoat**^ 

M^Lfc^O)-efeSp 08 (a) ttHttttfc 

$>^xf >^p-^»a>BBT?*y. 08 (b) ii±f£^>^ 



Tl***^ **i-C*,1~29*fl>ffifl. (BB) *« 

Sfe 4, JL B£Bfli?a>«n*<& 

Jh.«o icr\ C0)ftixs*$^S«»^ifcKfi*HiSlc$C)L 
T*BB?-fi<lM|-r6IIL 

* ©flfflBMfl lias $ 4x -5 *J34ma>ftt* 4K 

0Q~6 0 0D« flME2lJ&«2 0 0-2 OOO 

3S-r«o ^BaassitiBHrcttti::* mm& 

2 o o oftffij6<EAaa<DB#*-cfcofc. 
$fiisuta>aflc-c* XE*^itrs»«i38 (h i p»3at *idyx«) 

[O0 2 9] CCO^©SICJ:oT. ^n-^«^^^?l^ Ltc^ 

:©Mi:«fcot, ^n— ^5fett^ftnxi--&l5a>xv^>^e 
l:Hb» L 1= < < ft U . ^HWilfl) A 

18. 8 — 2 5. 2x1 03kgf/mm 2 tfeofc©l:>tL, 
AU3ffclcr*2 2. 3-2 6. 3x1 03kg f 
/mm 2 ) \ZteZ>tz£>. ±C?n— ^ttStt'Jftltfc^Ea— 

[O 0 3 0] 

Mi J 











e 1 






♦ 12.300 


1 8.8 


12. 960 


2 5.2 


1 3. 0 6 0 


1 8.8 




1 3. 5 2 0. 


22.3 


13. 8 0 0 


23,8 . 


13. 8 4 0 


2 6.3 



[O03 1] Sfc. :?P-:?5fc^®6<^i::toXT#3£5i::fc 



«T?s*tta>ttBa>a*4*aj&« 2 0-3 os*p 

fro ftoT. C©?a-^tt$SftjiaiLfctt8i 

■e*S LfcVftlftttttfti:: cfc 6 ^ tf 

X h =3 X h *<;MIICte5£-C £ £ J: 5 lc £ o fco 

H = R- Rs i n (p-a) □ t (f-*£L. p= c o s' 1 (D/2 
R) ) 

tpiztei^x^ «iaaa£±B&a#«4©¥ittaadcjstT^L. ± 

Bl^aft:tt#x<DlE**±cf±BAa*r»i©« 
Jtlf-5CiA<lf^^ e C©tta. /<*v KWfti^a-^ttSO) 

[0 0 3 2] Xfta>&tt8. B1 OI»^C0Xtta>^tt8lCj: 

O^a — 3f»9 0tD5fe^t/^^ K2©»*Btt^WfJ6»lcj: 
ot, 1 0 0 0DJ2lJt©;£S£fcS*g£3&<fc£o 

*>yxT>tt*a-c*«KBfl:U^-n^fca6.afl;*tt±'«-* 

?n— ZfftQ 0<D$cffi&ft\zmmo. Ol-O. 1pm©Pt, 
Ir,Rh,Au, C d ft kXS^H Z> 

iz*>&m^—T4 >?m9 i Sfft«. c©^n-^ 

»*tt9ftitfc^n-^aa*fflL\T^p-tf 

*^n-^tta**"rB?B«rtH-C**. 

L^t^«(0B4^^o— ^S+1 0 0(D5fe^A< 
*it*J:3<j:HP»**-r*^a-^aai=fc^T. ^a-^S 

^P-^5feSiaaic»l5LT. ^P-^3feSlz^XStt$f* 

0 4tM*, $ t>fwJ:IH^U— K 1 0 4*Il\ ^ 

u— K1 0 4ta>Bl-ffiB6«'C*««k3<P*/^ 
-i 0 3$®iy#itSo ±SH*/<-i 0 3ictt*-x^aA-rSfc 
o 2«*y«itTfcy. 



oooiftSlfi±t*ct^**J: 
3 lefts, g-fc. < tfxtfcift-r ^X/\±a>=T5 
3 left*. <*£ie. ca>cfc5fc 

«**Lfc:7P-:7»Bie % H»©^ffi7IC^^*Lfc»MlttS*lfi 

[0 0 3 4] 5tft(D&ffi1 0. HI 2 tt^^flDHlfeO^ffil 0 
IC «fc £ ^ □ — ^ac^twIwwIa-C £ o 

@S«1 1 1 . »*tf^P— "7W1 1 0<D1S4 

p— ^sarfey. .tE^p— ?ss*n i us 

S5/-;«ait*. "Sfc-tf-f R*1 1 5tt^o-7ttSJ:y 1. 

2—1. 5«C0g*L"Cl^o *<0tz1k* ± 

E*H **fcffi«ieg«fctt#X «a y ^ t?C <t -C±B#-f K 

fti i 5*&3MMttt#x*2~5y* 

©H^-cmas $ c t ie j: y % -*p--75fc^j£«-r#*Kflste<7> 

*H»le-c-* % ^P-^©8fl:$!»±t5C 
5£&*T7#£J:3left5« £fcle. c<7>£5 

ftss&s Lfc^n— ^sisic sas©»»7 i=*$*ifc»«aa* 

tft LfcM-* * L < tt**Ue»*-3 ^P-^ff 
£3*yf*ltSC±T?, «fttt»att#A<fty. 

St3f n-bxic ***3?*SIS©t-x He* 3 3fP— "Wlefcig 

■i-««^i=*»**w©^p-^»A<3SfflRitt-efcy. mmw^ji 
{*ttBCXttLfctt?BMCaai|--rX Me*«a*--e#* a 

fttt»a«>fti^p-e>w-c#4. 

[0 0 3 6] 

JSLta>.fc3le. 

*M»*#»(t«8lIS»<DT-X h/<^ KleffEELfcff*<7) 
K«lBlcfelt*^P— ^5feMHcDtt»fc± 
E/<? KSStO^tftSAM 5f£&Jtfcft££3leLfc<Z>-c?. 

y Kfrfr^Wft»-C*. ^n-^$t^<t/^ F£*M-#&*£K 

m&Z'&z&f&m * * o c <t #-c $ * * 3 left 

So 

[0 0 3 7] *fc, *mHOK20mKJ:*WttllKO? 
X h^^n— :7ttiej:*itf % ancaflWUD^p 
— -JttiefcLvc. ^d— ^5fe«»*i<»«<D*BTfcy. 

e= c o s -» (i - t/R) 01 5° 



[0 0 3 8] ^■%mOK3a)«AlCj:«i|£*{t:ttaa)7 

e>?-%iest(DS*£*>i*rf sel sn^bs 

a>ttadfc-fr<D»IBA^JS»-C** $!£©fe££^#a<ft< ft£ e 
[0 0 3 9] Sfc. «H««dE)lR4 0aiJftlcj:«i|&«{t:itaa)i b 

* 

9=0 0 3*' [ { (R 2 -r 2 ) ,/2 -t) /R] 01 5° 

[0 0 4 0] &tz % 1 0)*afet«-5*»*«ifl)f X 

hffi^P--?»0)«it*ai-:J:*il^ »Bg*t»- 

©5fe»»*-a**aR©**o!)-ftaii-:jinx-r-s 
sf-icizc-ryttit. ±s-*tto>fflsajic^s 

<*: y *Wltta>«t^W»«T?±E3fP---?tt*--f 

s-r « c t ic j: y . ±ej$^(o a is« <t ±ffi-Fs»*» & ***a 

K-S\ /^y KT©»^0)4f^--^«32-ef»-5J:'5 
[0 04 1] Ijifc. **MO«2©*^lC«**»(*:Siaa>TX 

t»^«CDll#$^LT-5«»«©^«^J:y-5:y. ± 

c t A<-e £ 3 * 3 icfc y % /h* -i» ^Mi?±r a>sta>mss 

[0 0 4 2]**W©«3a>*aiC«Si|£»ftfta©-rX h^^ 
3 0 0Qtt±6 5 0D£tT.»lft2OO-2OO0^J±. fflJSftM 

>^x^r>§|cfcy?S:S^P-^cD^. ^n— fc: 
^S^-T 3 C fc tf-c 5 * 3 ic 5 o 

[0 0 4 3] MnOff 5(DfllAl:ft«^**SlOfX K-S^ 

p— J-JU*. ±E*2 0>*afei-;j:y»-* 
JiE^a-^ftO^^i^ttQaBA^^^^Si:. ±Et-^ 



H = R-Rs i n (fJ-cr) □ t (tztz L. p=c o s M (D/ 

2R) ) 

[0044] ^^(D^ero^ic^-s^ftSgo^^ h/a? 

ztmz&tut. ±sHm i -*5©i^ 

- M 3 o l^tifr ic J: y j&A $ ixfe *W 

ft(Pt), -f'J^A ( I r ) % Dv^A 
(Rh) % ft (Au) , i) (Cd) % ^fcttCflfcflDl* 

r^o>ftftj:y<i:*#»TfaaiLfca)-e % ^ 
-3f»*«^-*-*ft«»»©»fls*»±r -6 c 

[O O 4 5] StftBrcftft ^D— ^SBSlC^tLtf. ±tfim 1 ~% 

-So 

[0 0 4 6] ^^i^^^xh^ic^tLfi. _tewi -me 

SttlZ«*±lfTSMf U IMtf Xh£fr5«fc5lcL*:<B-T?. f 
5 Ufc<S<, 

[004 7] *^BJHc£S£#J(&f X h*fci::J:2htf % JiSH^I - 
£ 6 <7)l>r^©m/Cot 5:7p— :?£t£JbSS 

a— ^»*«»»y**T, Ib^fXhSfr? 

EHc. ±SB^D— ^ftirJiSBf X Ka>*»ic*y»rt*4i 

* *a-^l*<DiB*«3S-r * C t iCofc y ±SH7f 

[00 4 8] MWlc«|«¥*«ttBlcj:4tr^ ±SEmi -16 
SOfX h/<-y KlcffJEU fx K/<^ K#IU:±B:/a— 

mmz9&±\fT»ft Lfcco-c. fx k±ic^6<^$ 

^iSo JtESteB*WHLT. -tffifX 
[02] *«M©*tSa>»jB2l=J:5^a-^»i:/<y K4>B 

0-efc& o 

[0 3 ] ^noxtto^iB 2 i^ot 4 ^p-^fticot y t;u £ 

[04] *«M(0*lfca)»tt3lCj:«^P — KOR 
&£^-f0T?fcS e 

[05] *«Wa>M6©»B4±5l::*5^D— fccfctf 

[0 e ] ^^<DS»<D^a 6 icot s ^n— ^» a>«t*a * 
BMM-*lW!B-cfcs. 



[07] *¥&m<Dmte<01&mGlZ&&zrn—7ft<D,<y F\Z& 

[08] **W©Sltta)»tt7lcJ:5^n — ^ttt-jaM^^ 
n-W©««is EMlcjcVBBLfcB-efc 

So 

[09] *«M0)381fc©»tt7lz**^n— ^ttt/<v Kfl>B 
[010] ^^a>H»ro^@8fcj:4^n-^^^0-e 

[01 1] **wcD3tJt©»jB9izj:«3rp— ^saa*^-rw 

®«f£0T?fc£ o 

[013] (fc*©^n— ?»«fc ^tf^n-^tffc/^ k<D* 
1 :*p— :?fh 2 /^7h\ 3 /<9KO|IEft. 4 (1 

1 1 ) o»yffi % 5 (110), (10 

i) . (oii) ©j»ya % 6 g/ho)»yiB, 7 

A*? hit. 8 /<vK*HM. 9 fgfb 

B»*tf*h 1 oua«i*is^ % 1 1 ttA/W. 31 

^**-c»as**ifcT;u5. 3 2 f-f>^;U 

5 1 ^D — ^5fc«|3Fa» % 5 2 ^n-^««B» % 5 3 
ft®. 6 1 BJg&gL 6 2 ftrt»JS % 6 3 

Sf^fc. 6 4 -lr75^1 6 5 ^'Jy^t, 9 0 zfn 
— 9 1 Ma— f -r>$r» % 10 0* 

>fU/\-^S^n-^ 1 o 1 ^p— 102 f 

zl — ^ % 103 ^J/N— . 104 ^U— 

i 05 1 1 o Bfl»3ra--?*K 1 i i ^a-^ 

H^S. 1 1 2 fa-^ 1 1 3 ^U— 

.1 14 JUTS'— 115 *v KTa:. 2 0 0 ^P— ^ 

ftCO^SS. 20 1 20 2 

^P— ^jSf. 20 3 2 04 /^yK^II^I, 2 0 

5 3fa— ^« r^j&xfcj 206 m^fi*? 

[01] 




1 :^D-7lf 5;UUJ.(1l1],mi)(Z)3&yg 
4:|ll1J©»yH 



(b) 




8 : ;ty KiSSfbS II : SSiAilSd 



IW9] [El 7] 




P 




III:^o-71£S 

m-.fj.-y 



[^tt*KE«] 

[Has] i o^5^2 i a 

1 ] 

[»jE*t»aa€] 

[»]I*t*ai€] M»H»a>KB 
[»»R*<DfEH] 

[H*« 1 ] . ftnttS^WttSKa-r * h/^y Kl:ffEL, J: 
B****aa>»fl5*f x ht-Sfx hffl^n— ^tficfcL^-c. 
aRl::felt**n-:7*affia>»ai:±B/<* Kffl^M- 

[R*a2] n*a i E«<z>***aaa>f x h«^a-^ 

mttz-fftmz e <t-f£<t#. JbEEH*©aar± 
e=c o s* 1 (i — t/R) 01 5° 

t ft & mm £ m tz-t ft r ©a« a) a arc & § c £ $ 

y . *o *P-***lciHia*ai*fcc £ swa^-rs^a* 
S£S©f x hJS:7p-:?$+ e 

[«*«4l RttasEaa^atttta©-^ hm7n-zm 
icfcivc. ±E¥iHS©#S£r4:Lfcifc#. 
JtEJ***©&®f* 

0=c o s"' [ { (R 2 — r 2 ) ,/2 -t} /R] pi 5 8 

<f«B«*»fc^**#SRa)^«a)ftiB-c*-5 c t 

©sSttottffilcitox-rsxa* ±E^n— 7M4tMU1c±myn 

±E^(7)ffl@lz^@ rflE)iFli»**"r«»«|c«lX-r*xa. 
fe*l/±E3fn— ^»*y*BHta>«L^watt 
T?±E^a— C ilCcfc y , ±8E3M*©8S£±8H 
¥aS£$**Mca«Lfc»M*£-fSxa*Jfc 

[■Ml 6] ^Sff^SSofX KldffEU ± 

^icfeivr. ±E:7p-?*m. «*:K©a# 
a*»u -f-oaaaaft**. #»&lt^fx» 

S&^Kfclvr % aaa*t±B*R*maMMa*aT& U 
±E#afctt;tfx©EE*t±lf±E*a*m 

[R»a7] n«a6Stt<D#a»aaa>^x h^^n-^w- 

1M3 OOPfiUbe 5 ODJUT. /DE2 0 0 
5£. 



[R**8] BCT6Etcp w»«(PTX ha^Pzz2lt 

»*A««a>aa-c % ^©a**ai<R % ±&m#o>&&±-Diz 
tfs*a#©aatfD-c&y % ±se^o— ^ 

iiMSa-e. us t ©fx h/<y Kic»a-r*aic. ±s 

t % -tEf x k / < y Ka>aa t ©a*, stifcaa $ h t l & 1 # % 

H = R-R s i n <p- 0 ) Dt itztzL* p=co s' 1 (D/2 
R) ) 

ft 5 ttaaft $afe-r attics utz t in&hr&^mto 
ss©f x ha^a-^it (oaa^a , 
[R^ta 9 1 Rya s >srtN l s tPi^tiAMcgaoaa^fz 

[R*ai o] R^tai «ct*L4^fci*9©ur*i3McEa 

(Rh) . ^ (Au) . aPS^yA 

(Cd) a »fettc^ifefl) ^r4t^g)^!»j;y<ira3tt»-g»gk 

. 

[R3jta 1 1 ] R^ 1 «CU\ L 4. 9.. ^fclA 1 0<Pl*-r;Kfr 
l-Eaa)*a#aa©-rx Sffl^n-^^jg 

CR^ai 2] R*^1 ^U>L4. 9., ^fettl OtPU-Tfrfr 

«t-r«*a#aaa)-rx h*a. 

E*»#*lO)fX h/^c/ KIcffBEU t-x K4ta^±E 

^p-^»$a»^y$-fr T. affixxj^fi 

^p-^tfo3tea»a»ag^^c t $ ^a t r z 
©xx±iMo 

iccao^attaaiD-T-x ba^p^tt£± 

^p-^tf»a »ay»ti-&^j:-g. txm 

2 K«a»»ai=aj».fcrfTag Lfeci=»aaj ? ^&3iLg^ 

caiE^aaa*] aaa 
[ttzttaaaci 0013 

o-?t f<paa*a tt- ±Em2©^icfe^ 

R. ±E^ttoa®ii:o^At^sa^(7)itSi< 

v Kicaai-«ar=« ±E3fp-^»a>a»» 
kn#a>tom#3zfrZ3z&t+ ±e-t-x h/w Kioaa&a>a« 

H = R-Rs i n (p-a) at (fct£U p= c o s"' (D/ 
2R) ) 

raiEstaaas] 

[^IE$fgia§«] 00 14 



> 



[0 0 1 4l ^:%Wa>g5<0«Bfclz«S^gft:ag<P-T-^ Kffl^ 

mztil^X. ZfO-7#<D%1ft£7 s 5*i- (P 
t) . -fVv^A (I r) % (Rh),4(Au),* 

KS^A (Cd) . Sfcttcftfeoivfiifra) 

[«IE**&S3I«] ^«BS 
HftiE*rtUS@€] 0 043 

[WEMM 

Co o 4 3] **wa>K4.ffi2«icff *iH|{*»{BOT-x Kffl^ 
a>S*fth.fcnK H Lfc<h£. 

H = R-Rs ! n (p-a) □ t (fc£L. p= c o s" 1 (D/ 

2R) ) 

[^flttfjES] 

h*je*hm(b«] 0044 

[0044] ggwog s sgffiiaB&g^aasgaxa b a ^ 

4 (I r) „ PvOA (Rh) . 

^(Au),*K5^ (Cd) % &tz\ZCtlt><Dl^*lfr<D^ 

rt1-**«#»©iWb*i»±-r*ci:*«-e#. 
msiw^a <4o j: t >*t *««-r « c t z h x 5 \z £ * o 



(72)$£^# jjDM tt 
(72)S^# Kft 



